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Abstract 
The interpretation of the spectra of the space plasma 
radio emission represents an important task as a way 
to obtain information about the space plasma 
processes. Frequency-time (or dynamic) structure of 
emission spectra of the Sun, Jupiter, Earth, etc is 
typically rather complicated. The nonstationary 
variations of the amplitude and frequency 
characteristics of the emission can be explained by 
various nonlinear effects in source region as well as 
along the propagation path. Nonstationary variations 
of plasma parameters and ambient (static) magnetic 
field can be responsible for variations of the 
refractive index of the waves propagating in space 
plasma. 

Analysis of the space plasma radio 
emission spectra 
Based on the results of laboratory model experiments 
on KROT magnetoplasma device we argue that the 
formation of discrete dynamic spectra of space 
plasma radio emission can be explained by adiabatic 
(“nonresonant”) parametric effects, i.e. the frequency 
modulation (FM) of the emission in nonstationary 
magnetoplasma. It is shown that the variations of the 
waves’ refractive index, which cause the FM, can be 
initiated by the ambient magnetic field disturbances 
by intense low-frequency (LF) waves excited 
simultaneously with the high-frequency (HF) 
emission under consideration. The results of the 
laboratory experiments are presented, in which the 
propagation of whistler-mode waves in plasma with 
intense LF magnetic field oscillations is studied [1], 
[2]. Frequency modulation of the emission at the 
level ∆f/f ~ ∆B/B, where ∆B is an amplitude of 
magnetic disturbances, can be achieved. Strong 
group velocity dispersion of FM waves propagating 
in plasma can lead to the formation of the 
complicated forms of the emission spectra in 
frequency-time domain. 

In this paper we analyze the operation of radio 
telescopes used for the detection of space plasma 
radio emission. It is postulated that the registration of 
FM radio emission imposes the special requirements 
on frequency-time resolution of the receivers. In 
particular, if the frequency of the emission is 
modulated periodically, than the time constant of the 
receiver should be considerably shorter than the 
modulation period; only in this case the “true” 
spectrum of the emission can be obtained. In opposite 
case, if the time constant is larger than the HF 
emission modulation period, the line (“zebra”) 
structure of the emission spectra can be recorded, 
with the line spacing equal to the modulation 
frequency (Fig.1). 

 

Figure 1: Simulated dynamic spectra of the FM 
emission with central frequency f = 24 MHz and 
modulation frequency fm = 100 kHz with various 
time-constants of the signal processing: (a) 1 µs 

(“true” spectrum), (b) 10 µs (“zebra stripe dots”), (c) 
30 µs (pure “zebra” structure). 
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Amplitude modulation of the FM waves propagating 
in plasmas can be due to group velocity dispersion, 
especially near the resonance (plasma or cyclotron) 
frequencies and complicate the signal spectrum 
considerably. We consider the examples of the 
“unique” spectral forms observed in the HF radio 
emission of the Sun and Jupiter. Possible explanation 
is given based on combination of parametric effects 
and group velocity dispersion along the radiation 
propagation path. In particular, the “fiber” structures 
of Sun radio emission can be explained by group 
velocity dispersion effects. 

Numerical simulations are performed based on the 
geometric optics of the medium (plasma) with time-
varying parameters, which confirm the proposed 
mechanism as a possible source of complicated 
spectral forms of the space plasma radio emission. 

It is essential that if the modulation of radio emission 
is due to LF space plasma disturbances, than the 
dynamic spectra of radio emission can contain the 
information about LF waves excited in space plasmas, 
but not received on ground-based stations. 
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